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(57) [Abstract]

[Problem] To especially provide a method of fabricating a

nitride semiconductor element that enables separation of

nitride semiconductor elements formed on a substrate with

high yield, which is related to a method of fabricating a

light-emitting diode or a laser diode capable of emitting

ultraviolet to orange light in addition to a group III-V

semiconductor element that can be driven even at high

temperatures

.

[Means for solving the problem] A method of fabricating a

nitride semiconductor element (110) that splits a

semiconductor wafer (100) having a nitride semiconductor

(102) formed on a substrate (101) into nitride

semiconductor elements (110) , comprising, in particular,

a step of radiating a laser beam, through the semiconductor

wafer (100) from the side of a first main surface (111)

and/or a second main surface (121) of the semiconductor

wafer (100) that comprises the first and second main

surfaces, to form a scribe line (103) at a focal point

formed at least on the side of the second main surface (121)

of the substrate (101) and/or the side of the first main

surface (111) of the substrate (101) , and a step of

separating the semiconductor wafer along the scribe line.

[Claims

]

[Claim 1] A method of fabricating a nitride semiconductor

element (110) that splits a semiconductor wafer (100)



having a nitride semiconductor (102) formed on a substrate

(101) into nitride semiconductor elements (110)

,

characterized by comprising a step of radiating a laser

beam, through the semiconductor wafer (100) from the side

of a first main surface (111) and/or a second main surface

(121) of the semiconductor wafer (100) that comprises the

first and second main surfaces, to form a scribe line (103)

at a focal point formed at least on the side of the second

main surface (121) of the substrate (101) and/or the side

of the first main surface (111) of the substrate (101) , and

a step of separating the semiconductor wafer along the

scribe line.

[Claim 2] The nitride semiconductor element fabrication

method according to claim 1 , wherein the first main surface

(111) is a nitride-semiconductor-deposition-layer side of

the semiconductor wafer (100) having the nitride

semiconductor (102) formed on only one side of the

substrate (101), and the second main surface (121) is a

substrate-exposure-surface side that lies opposite the

first main surface (111) via the semiconductor wafer (100).

[Claim 3] The nitride semiconductor element fabrication

method according to claim 1, wherein the scribe line is a

recess (103) formed in the substrate exposure surface.

[Claim 4] The nitride semiconductor element fabrication

method according to claim 1, wherein the scribe line is an

affected layer (206) formed within the substrate.



[Claim 5] The nitride semiconductor element fabrication

method according to claim 1, comprising a step of forming

a groove section (104) substantially parallel with the

scribe line by means of at least one device selected from

a diamond scriber, a dicer, and a laser beam machine in the

side of the first main surface (111) and/or the side of the

second main surface (121) of the semiconductor wafer (100)

irradiated with a laser beam.

[Claim 6] A nitride semiconductor element fabrication

method that splits a semiconductor wafer (100) having a

nitride semiconductor (102) formed on only one side of a

substrate (101) into nitride semiconductor elements (110) ,

characterized by comprising a step of radiating a laser

beam, from the side of a first main surface (111) formed

with the nitride semiconductor (102) of the semiconductor

wafer (100) that comprises the first and second main

surfaces, to form a scribe line (103) in the side of the

second main surface (121) , a step of forming, from the side

of the first main surface (111) , a groove section (104) ,

that is substantially parallel with the scribe line (103)

and reaches the surface of the substrate (101) , and a step

of separating the semiconductor wafer (100) along the

scribe line (103)

.

[Claim 7] The nitride semiconductor element fabrication

method according to claim 6, wherein the groove section

(204) is formed in the surface on the side of the first main
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surface (211) , at which the substrate is exposed

beforehand

.

[Claim 8] A nitride semiconductor element fabrication

method that splits a semiconductor wafer (300) having a

5 nitride semiconductor (302) formed on only one side of a

substrate (301) into nitride semiconductor elements (310),

characterized by comprising a step of radiating a laser

beam, from the side of a second main surface (321) that lies

opposite a first main surface (311) formed with the nitride

10 semiconductor (302) of the semiconductor wafer (300) that

comprises the first and second main surfaces, to form a

scribe line (308) in the side of the first main surface

(311) of the substrate (301) , a step of forming, from the

side of the second main surface (321) , a groove section

15 (309) that does not reach the nitride semiconductor (302)

substantially in parallel with the scribe line (308) , and

a step of separating the semiconductor wafer (300) along

the scribe line (308) .

[Detailed Description of the Invention]

20 [0001]

[Technical Field to which the Invention belongs]

The present invention relates to a method of

fabricating a light-emitting diode or a laser diode capable

of emitting ultraviolet to orange light in addition to a

25 group III-V semiconductor element that can be driven even

at high temperatures, and, more particularly, relates to

5



a method of fabricating a nitride semiconductor element

formed on a substrate.

[0002]

[Prior Art]

5 Nowadays, semiconductor elements that utilize

nitride semiconductors with a high-energy bandgap

(InxGayAli-x-yN, O^X, O^Y, X+Y^l) are being developed. As

examples of devices using nitride semiconductors,

light-emitting diodes capable of emitting blue, green and

10 ultraviolet light respectively, and semiconductor lasers

capable of emitting blue-violet light, have been reported.

Further, a variety of semiconductor elements that are of

high mechanical strength and can be driven stably even at

high temperatures, and so forth, may be cited.

15 [0003] Normally, a semiconductor wafer laminated with

semiconductor materials such as GaAs , GaP, and InGaAlAs is

broken into chip shapes and used as semiconductor elements

such as LED chips capable of emitting red, orange and yellow

light, and so forth. Methods for breaking semiconductor

20 wafer into chip shapes involve usage of a dicer, diamond

scriber , and so forth. A dicer is a device that either fully

cuts the wafer by means of the rotational movement of a disc

with a diamond-edged blade, or scores a groove (half cut)

wider than the width of the blade edge and then performs

25 cutting by means of an external force. On the other hand,

a diamond scriber is a device that draws extremely narrow

6



lines (scribe lines) in the form of cross cuts , for example

,

in the semiconductor wafer by means of a needle that is

likewise diamond-tipped, or the like, and then performs

cutting by means of an external force. Crystals with a zinc

blende structure such as GaP , GaAs , and so forth, are

cleaved in a 1 1 10 ' direction . Hence, this property can be

used to separate a semiconductor wafer of GaAs, GaAlAs , GaP,

or the like, into the desired shape relatively easily.

[0004] However, unlike a semiconductor element of GaAsP,

GaP, InGaAlAs , or the like, which is formed on a

semiconductor substrate of GaP, GaAlAs or GaAs, in the case

of a semiconductor element employing a nitride

semiconductor, it is difficult to form a single crystal.

In order to obtain a single crystal film of a nitride

semiconductor of good crystallinity , formation on a

sapphire or spinel substrate takes place via a buffer layer

by using MOCVD, HDVPE , or the like. A semiconductor element

such as an LED chip must be formed by cutting and separating

a nitride semiconductor layer formed on a sapphire

substrate or similar to the desired size.

[0005] A nitride semiconductor that is deposited on

sapphire, spinel, or the like, has a heteroepitaxial

structure. The nitride semiconductor has a very irregular

lattice constant in comparison with a sapphire substrate

or similar. Further, the sapphire substrate has a

single-crystal structure such as a hexagonal crystal



structure and because of this property, possesses no

cleavage property. In addition, both the sapphire and

nitride semiconductor are extremely hard substances with

a Mohs hardness of about 9.

[0006] Therefore, cutting by means of a diamond scriber is

difficult. Further, when a full cut is made by means of

a dicer, cracks and chipping readily occur in the cut

surfaces and hence a clean cut is not possible. In addition,

depending on the case, partial detachment of the nitride

semiconductor layer from the substrate sometimes occurs.

[0007] If the semiconductor wafer can be separated

accurately into chip shapes without damaging the

crystallinity of the nitride semiconductor, the electrical

characteristics and efficiency of the semiconductor

element can also be improved. Moreover, the productivity

can be improved because a multiplicity of semiconductor

chips can be obtained from a single semiconductor wafer.

[0008] For this reason, the nitride semiconductor wafer

undergoes division to form each desired chip by combining

a diamond scriber and dicer, or similar. A method of

performing this division into chips is described in

Japanese Patent Application Laid Open No. H8-274371 and so

forth. As a specific example, a method of fabricating a

nitride semiconductor element is shown in Figs. 5(A) to

5(D). A semiconductor wafer (500) having a nitride

semiconductor (502) formed on a sapphire substrate (501)

8



is shown in Fig. 5(A) . A step of forming a groove section

(509) by means of a dicer (not shown) from the lower side

of the sapphire substrate to a depth that does not reach

the nitride semiconductor layer is shown in Fig. 5(B) . A

5 step of forming scribe lines (507) in groove sections (509)

is shown in Fig. 5(C). A step of separating the

semiconductor wafer (500) into chip-shaped semiconductor

elements (510) after the scribing step is shown in Fig. 5 (D) .

It is thus possible to achieve relatively clean cuts

10 without cracks and chipping occurring in the cut surfaces.

[0009]

[Problems which the Invention is intended to solve]

However, when scribe lines and so forth are formed in

only one surface of the semiconductor wafer, there is a

15 tendency for cracks and chipping to occur readily in the

other cut surface during division. Although the shape of

one surface of the separated nitride semiconductor

elements can be made uniform, variations arise in the shape

of the other surface of the nitride semiconductor elements,

20 and therefore cracks and chipping readily occur in the

semiconductor wafer. Therefore, when the semiconductor

wafer is separated, there is the problem that it is

extremely difficult to perform cutting while rendering the

shape of the nitride semiconductor elements completely

25 uniform by controlling the splitting from the side of the

semiconductor wafer where scribe lines are formed to the

9



side where no scribe lines are formed.

[0010] On the other hand, the splitting of the nitride

semiconductor water can be controlled by forming scribe

lines in both sides of the semiconductor wafer. However,

in the formation of scribe lines in the two main surfaces

of the nitride semiconductor wafer, a step in which the

semiconductor wafer is turned over and re-secured while

preventing the adhesion of dirt to the semiconductor wafer

,

and so forth, is required and hence mass-producibility is

very poor. Moreover, because a semiconductor wafer having

a nitride semiconductor formed on a sapphire substrate is

very hard, there are frequent cases of wear and

deterioration of the blade edge of the cutter of the diamond

scriber, which generates fabrication costs arising from

variations in the processing accuracy, and from exchanging

the blade edge. In addition, when scribe lines are formed

by means of a diamond scriber, the weighting of the diamond

scriber must be changed in accordance with the wear of the

blade edge. Further, in order to form scribe lines by means

of a diamond scriber, the diamond blade edge must make

contact at the appropriate angle in each case, which means

there is the problem that mass-producibility is very poor.

[0011] Nowadays, at a time when the accurate formation of

smaller nitride semiconductor elements with favorable

mass-producibility is desirable, the abovementioned

cutting methods are unsatisfactory and there is a demand



for superior methods for fabricating nitride semiconductor

elements

.

[0012] More particularly, if the semiconductor wafer can

be separated correctly into chip shapes without damaging

the crystallinity of the nitride semiconductor, the

electrical characteristics, efficiency, and so forth, of

the semiconductor element can be improved. Moreover,

productivity is also improved because a multiplicity of

nitride semiconductor elements can be obtained from a

single wafer

.

[0013] Therefore, the present invention further reduces

the generation of cracks and chipping in the cut surfaces

when a nitride semiconductor wafer is separated into chip

shapes. Further, it is an object of the present invention

to provide a fabrication method that forms, with favorable

mass-producibility , nitride semiconductor elements that

are separated into the desired size and shape with a high

yield without damaging the crystallinity of the nitride

semiconductor

.

[0014]

[Means for Resolving the Problem]

The present invention is a method of fabricating a

nitride semiconductor element (110) that splits a

semiconductor wafer (100) having a nitride semiconductor

(102) formed on a substrate (101) into nitride

semiconductor elements (110) . More particularly, the



nitride semiconductor fabrication method comprises a step

of radiating a laser beam, through the semiconductor wafer

(100) from the side of a first main surface (111) and/or

a second main surface (121) of the semiconductor wafer

(100) that comprises the first and second main surfaces,

to form a scribe line (103) at a focal point formed at least

on the side of the second main surface (121) of the

substrate (101) and/or the side of the first main surface

(111) of the substrate (101) , and a step of separating the

semiconductor wafer along the scribe line.

[0015] In the nitride semiconductor element fabrication

method according to claim 2 of the present invention, the

first main surface (111) is the

nitride-semiconductor-deposition-layer side of the

semiconductor wafer (100) having the nitride semiconductor

(102) formed on only one side on the substrate (101) , and

the second main surface (121) is a

substrate-exposure-surface side that lies opposite the

first main surface (111) via the semiconductor wafer (100).

[0016] In the nitride semiconductor element fabrication

method according to claim 3 of the present invention, the

scribe line is a recess (103) formed in the substrate

exposure surface.

[0017] In the nitride semiconductor element fabrication

method according to claim 4 of the present invention,

scribe lines are an affected layer (206) formed within the



substrate

.

[0018] The nitride semiconductor element fabrication

method according to claim 5 of the present invention

comprises a step of forming a groove section (104)

substantially parallel with the scribe line by means of at

least one device selected from a diamond scriber, a dicer,

and a laser beam machine in the side of the first main

surface (111) and/or the side of the second main surface

(121) of the semiconductor wafer (100) irradiated with a

laser beam.

[0019] The nitride semiconductor element fabrication

method according to claim 6 of the present invention is a

nitride semiconductor element fabrication method that

splits a semiconductor wafer (100) having a nitride

semiconductor (102) formed on only one side of a substrate

(101) into nitride semiconductor elements (110)

,

comprising a step of radiating a laser beam, from the side

of a first main surface (111) formed with the nitride

semiconductor (102) of the semiconductor wafer (100) that

comprises the first and second main surfaces, to form a

scribe line (103) in the side of the second main surface

(121) , a step of forming, from the side of the first main

surface (111) , a groove section (104) , that is

substantially parallel with the scribe line (103) and

reaches the surface of the substrate (101) , and a step of

separating the semiconductor wafer (100) along the scribe



line (103)

.

[0020] In the nitride semiconductor element fabrication

method according to claim 7 of the present invention, the

groove section (204) is formed in the surface on the side

of the first main surface (211) , at which the substrate is

exposed beforehand.

[0021] The nitride semiconductor element fabrication

method according to claim 8 of the present invention is a

nitride semiconductor element fabrication method that

splits a semiconductor wafer (300) having a nitride

semiconductor (302) formed on only one side of a substrate

(301) into nitride semiconductor elements (310) ,

comprising a step of radiating a laser beam, from the side

of a second main surface (321) that lies opposite a first

main surface (311) formed with the nitride semiconductor

(302) of the semiconductor wafer (300) that comprises the

first and second main surfaces, to form a scribe line (308)

in the side of the first main surface (311) of the substrate

(301) , a step of forming, from the side of the second main

surface (321) , a groove section (309) that does not reach

the nitride semiconductor (302) substantially in parallel

with the scribe line (308) , and a step of separating the

semiconductor wafer (300) along the scribe line (308) .

[Embodiments of the Invention]

As a result of a variety of experiments, the present

inventors arrived at the present invention by discovering



that, when a nitride semiconductor element is fabricated,

it is possible to fabricate a nitride semiconductor element

with superior mass-producibility without damaging the

semiconductor characteristics by radiating a laser beam

from a specified direction onto a specified location on the

semiconductor wafer.

[0022] That is, according to the method of the present

invention, scribe lines, which form a guide for the

division into nitride semiconductor elements, can be

formed at optional points other than on the laser radiation

side by transmitting [a laser beam] through the nitride

semiconductor wafer without damaging the nitride

semiconductor layer. More particularly, both sides of the

semiconductor wafer can be processed relatively simply

without subjecting the nitride semiconductor element to

adverse effects from the same side. The fabrication method

of the present invention will be described in detail

hereinbelow

.

[0023] For the semiconductor wafer, a nitride

semiconductor layer with an LD (laser diode) constitution

is formed on a spinel substrate. More specifically,

laminated on the spinel substrate are a GaN buffer layer,

an n-type GaN contact layer, an n-type AlGaN cladding layer,

an n-type GaN light guide layer, an InGaN active layer,

which is a multiquantum well structure doped with Si and

in which the In composition is changed, a p-type AlGaN



capping layer, a p-type GaN light guide layer, a p-type

AlGaN cladding layer and p-type GaN contact layer. A C0 2

laser beam is radiated from the spinel substrate of the

semiconductor wafer to form an affected layer as scribe

lines at the interface between the nitride semiconductor

layer and the spinel substrate. Grooves are then formed

in the spinel substrate by means of a dicer, substantially

in parallel with the scribe lines. Nitride semiconductor

elements are formed by applying pressure along the grooves

by means of a roller. All the edges of the nitride

semiconductor elements thus separated are formed cleanly.

The apparatus and so forth used in the process of the

present invention will be described in detail hereinbelow.

[0024] (Nitride semiconductor wafers 100, 200, 300, 400)

The nitride semiconductor wafers 100, 200, 300, 400 have

a nitride semiconductor 102 formed on a substrate 101. For

the substrate 101 of the nitride semiconductor 102, a

variety of single crystals of sapphire, spinel, silicon

carbide, zinc oxide, gallium nitride, and so forth, may be

cited. However, in order to form a nitride semiconductor

layer of favorable crystallinity with good

mass-producibility , a sapphire substrate or spinel

substrate, or the like, is suitably used. The present

invention works especially effectively because the

sapphire substrate or similar has no cleavage property and

is extremely hard. The nitride semiconductor may be formed



on one side of the substrate or on both sides thereof.

[0025] The nitride semiconductor ( InxGa YAli-x- YN , O^X, O^Y,

X+Y^l) can be formed in a variety of ways by means of MOCVD,

HVPE, and so forth. The nitride semiconductor can be used

as a semiconductor element by forming a PN junction, PIN

junction, or MIS junction in the nitride semiconductor. A

variety of junctions such as a homo junction, hetero

junction, and double hetero junction can also" be selected

for the structure of the semiconductor. Furthermore, the

semiconductor layer can also be a single quantum well

structure or a multiquantum well structure rendered as a

thin film permitting the generation of the quantum effect.

[0026] The nitride semiconductor has a relatively large

bandgap and is thermally resistant. Therefore, the nitride

semiconductor can be utilized as a variety of semiconductor

elements such as light-emitting elements including a

light-emitting diode that is capable of emitting light from

ultraviolet to red, and a short-wavelength laser that can

be used for a DVD or the like, as light-receiving elements

such as a light sensor, or a solar cell with a relatively

high electromotive force, or as heat-resistant

transistors

.

[0027] Although a variety of substrate thicknesses can be

selected depending on the processing accuracy and output

of the laser beam machine, when a large groove (deep groove)

is formed by the laser beam, the groove sections and so



forth formed by the laser processing are preferably not

formed too large from the point of view of the time taken

in comparison with [processing by means of] a diamond

scriber or dicer and the partial destruction caused by

heating over a long period and so forth. Therefore, with

mass-producibility in mind, in addition to forming the

groove sections 104 in the semiconductor wafer by means of

a laser, a variety of processes performed by a dicer,

diamond scriber, and so forth, can be selected.

Alternatively, formation can be implemented by means of a

combination of such processes.

[0028] When a sapphire substrate laminated with a nitride

semiconductor is separated, the thickness of the thinnest

division section of the nitride semiconductor wafer is

preferably 100 „m or less in order to achieve cutting of

the cut edges with favorable mass-producibility. When the

thickness is 100 „m or less, chipping, cracks, and so forth

are small and division can be performed relatively easily.

Although there is no particular lower-limit value for the

substrate thickness, when the substrate is quite thin, the

semiconductor wafer itself splits readily and

mass-producibility is poor. The thickness is therefore

preferably 30 „m or more. Further, in cases where the

nitride semiconductor layer contains a thin film with a

single quantum well structure, multiquantum well structure

or similar, the nitride semiconductor layer, which is

18



irradiated with a laser beam beforehand with the object of

preventing damage to the semiconductor junction and

semiconductor layer caused by laser radiation, can also be

removed in advance by etching or the like. Various dry

etching or wet etching processes can be used for the

etching.

[0029] In the case of a nitride semiconductor wafer for a

light-emitting diode, the substrate normally has a

thickness from 300 „m to 500 „m, and a nitride semiconductor

layer with a pn junction has a thickness of several „m to

several tens of „m. Hence, most of the semiconductor wafer

is taken up by the thickness of the substrate. The

thickness of the substrate can be made thinner by polishing

in order to simplify the laser processing. This polishing

may be used to thin . the semiconductor wafer after the

nitride semiconductor has been formed or the nitride

semiconductor can be formed on a substrate that has been

polished thin.

[0030] Further, it is thought that the nitride

semiconductor wafer irradiated with the laser beam becomes

the recesses 103 , 403 or the affected layer 206, 308, which

is an assembly of microscopic microcracks, along which the

focal-point radiation portion selectively flies . Further,

with the total film thickness of the semiconductor wafer

to be processed and separated serving as a reference,

'first main surface side* and 'second main surface side 1



refer to optional positions oriented toward the first main

surface or second main surface from half the total film

thickness. Therefore, this may be on the surface of the

semiconductor wafer or within the semiconductor wafer. In

addition, the present invention may laser-process the

center of the total film thickness of the semiconductor

wafer in addition to laser-processing the first main

surface side and/or second main surface side.

[0031] (Laser beam machine) The laser beam machine employed

by the present invention may be one that is capable of

forming grooves permitting division of the nitride

semiconductor wafer, an affected layer, and so forth. More

specifically, a C0 2 laser, YAG laser, excimer laser, and

so forth, is suitably used.

[0032] The laser beam radiated by the laser beam machine

is one that permits a variety of adjustments to the focal

point as desired by means of a lens optical system or

similar. Therefore, grooves, affected layers, and so forth,

can be formed, without damaging the nitride semiconductor,

at an optional focal point on the semiconductor wafer by

means of laser radiation from the same direction. Further,

the laser radiation surface can also be adjusted to the

desired shape such as a perfect circle shape, an elliptical

shape, or a rectangular shape by allowing [the laser beam]

passage through a filter, and so forth.

[0033] For the formation of scribe lines by means of a laser

20



beam machine, the laser radiation device itself may be

moved. Alternatively, the scribe lines can be formed by

scanning the radiated laser beam alone by means of a mirror

or the like. In addition, desired scribe lines can also

be formed by driving a stage that holds the semiconductor

wafer in a variety of ways such as up and down, from side

to side or through 90 degrees. It is understood that,

although this is described in detail in the embodiments of

the present invention hereinbelow, the present invention

is not limited to or by these embodiments alone.

[0034]

[Embodiment] (First Embodiment) A nitride semiconductor

wafer is formed by laminating a nitride semiconductor by

using MOCVD onto a substrate of washed sapphire with a

thickness of 200 „rn. The nitride semiconductor is

deposited as a multilayered film capable of serving as a

light-emitting element following the splitting of the

substrate. First, a buffer layer with a thickness of about

200 angstroms is formed by allowing NH3 (ammonia) gas and

TMG (trimethyl gallium) gas, which are the source gases,

and hydrogen gas, which is the carrier gas, to flow at

510°C.

[0035] Next, after halting the introduction of TMG gas, the

temperature of the reactor is set at 1050 °C and a GaN layer

with a working thickness of approximately 4 „m is formed

as an n-type contact layer by allowing NH 3 (ammonia) gas,



TMG gas, SiH 4 (silane) gas, which is the dopant gas, and

hydrogen gas, which is the carrier gas to flow once again.

[0036] For the active layer, once, with the carrier gas

alone, the temperature of the reactor has been held at 800 °C,

an undoped InGaN layer approximately 3 nm thick is

deposited by allowing NH 3 (ammonia) gas, TMG gas, and TMI

(trimethyl indium), which are the source gases, and

hydrogen gas, which is the carrier gas, to flow.

[0037] In order to form the cladding layer on the active

layer, the introduction of source gases is halted and the

temperature of the reactor is held at 1050 °C, whereupon a

GaAIN layer that is approximately 0.1 „m thick is formed

as a p~type cladding layer by allowing NH 3 (ammonia) gas,

TMA (trimethyl aluminum) gas, and TMG gas, which are the

source gases, Cp2Mg (cyclopentadienylmagnesium) gas,

which is the dopant gas, and hydrogen gas, which is the

carrier gas, to flow.

[0038] Finally, the temperature of the reactor is held at

1050 °C, and a GaN layer that is approximately 0.5 „m thick

is formed as a p-type contact layer by allowing NH 3

(ammonia) gas, TMG gas, which are the source gases, Cp 2Mg

gas, which is the dopant gas, and hydrogen gas, which is

the carrier gas, to flow (Fig. 1(A)) . (The p-type nitride

semiconductor layer is annealed at 400 °C or more)

.

The semiconductor wafer 100 thus formed is secured

atop a table that is freely drivable in vertical and lateral



planar directions such that the formed nitride

semiconductor 102 lies at the top. A laser beam (of

wavelength 356 nm) is radiated from the side of the nitride

semiconductor 102 formed on the sapphire substrate 101, the

laser optical system being adjusted so that the focal point

is substantially on the bottom surface of the sapphire

substrate 101. By moving the stage while radiating the

adjusted laser beam at 16 J/cm2
, scribe lines 103 that are

approximately 4 „m deep are formed vertically and

horizontally in the bottom surface of the sapphire

substrate 101. When viewed from the main surface of the

nitride semiconductor wafer 100, the scribe lines 103 thus

formed are formed to establish a size of approximately 350

pm squared for the nitride semiconductor elements 110 to

be formed subsequently (Fig. 1(B)).

[0039] Next, groove sections 104, which extend from the

upper surface of the nitride semiconductor 102 to the

sapphire substrate 101, are formed in the semiconductor

wafer 100 means of a dicer with the nitride semiconductor

wafer still secured after substituting only the laser

radiation portion of the laser beam machine for a dicing

saw. The groove sections 104 formed by the dicer are formed

in parallel with the scribe lines 103 formed by means of

laser radiation, via the semiconductor wafer 100, such that

the gap between the bottom surface of the groove section

104 and the bottom surface of the side of the sapphire



substrate 101 is then substantially uniform at 100 „m (Fig.

1(C)) .

[0040] A nitride semiconductor wafer can be cut and

separated by allowing a load provided by a roller (not

5 shown) to act along the scribe lines 103. A nitride

semiconductor element 110 in which no chipping or cracks

are present on any of the cut edges can thus be formed (Fig.

1 (D) ) .

[0041] In the first embodiment, the scribe lines 103 are

10 formed by means of a laser beam that is focused on the bottom

surface of the sapphire substrate 101 , which is the

rear-surface side of the semiconductor wafer 100, and

transmitted via the nitride semiconductor 102 and the

sapphire substrate 101 rather than being focused on the

15 surface side of the semiconductor wafer 100 where the

nitride semiconductor 102 irradiated with the laser beam

is formed.

[0042] By forming the groove sections 104-, which extend

from the main surface side (laser radiation side) of the

20 semiconductor wafer 100 formed with the nitride

semiconductor 102 to the sapphire substrate 101 or similar,

the nitride semiconductor element 110 can be separated

along the scribe lines 104 easily and accurately.

[0043] Further, because the scribe lines 103 are formed by

25 means of a laser beam, costs arising from variations in the

processing accuracy owing to wear and deterioration of a
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cutter and from exchanging the blade edge, as in the case

of a diamond scriber, can be reduced. Further, results

similar to those achieved by processing from both sides of

the semiconductor wafer are obtained by processing from

only one side of the semiconductor wafer and a nitride

semiconductor element 110 whose upper and rear surfaces

both have a uniform shape can be fabricated, the

fabrication yield is raised and shape variations can be

reduced, and, especially, to the same extent, substitution

can be reduced and the number of semiconductor elements

yielded can be raised. In addition, because scribe lines

110 are formed in the surface of the sapphire substrate 101,

scribe lines can be formed without processing waste

produced by a laser beam adhering to the top of the nitride

semiconductor 102

.

[0044] (Second Embodiment) A semiconductor wafer, on which

a plurality of island-shaped nitride semiconductor layers

205 is formed by etching a semiconductor wafer formed as

per the first embodiment until the surface of the boundary

with the sapphire substrate formed with groove sections is

exposed from the side of the nitride semiconductor surface

by means of RIE (Reactive Ion Etching) , is used. Further,

a mask for exposure of pn semiconductors during etching is

formed and removed after the etching process. Further,

electrodes 220 are formed on the pn semiconductor layers

by sputtering (Fig. 2(A)).



[0045] The semiconductor wafer 200 is fixedly placed on a

laser beam machine as per the first embodiment. So too in

the second embodiment, the laser beam from the laser beam

machine is radiated from the side of the nitride

semiconductor 205 of the nitride semiconductor wafer and

the laser optical system is adjusted so that the focal point

is within a sapphire substrate 201 which is 20 „m from the

bottom surface of the sapphire substrate. Scribe lines for

the affected layer 206 are formed (Fig. 2(B)) within the

substrate close to the bottom surface of the sapphire

substrate by moving the stage while radiating the adjusted

laser beam at 16 J/cm2
.

[0046] Next, the laser optical system (not shown) is

readjusted so that the focal point is then on the upper

surface (formation surface side of the nitride

semiconductor) of the sapphire substrate 201 exposed by

means of etching. By moving the stage while radiating the

adjusted laser beam, grooves that reach the sapphire

substrate are formed in the semiconductor wafer from the

upper surface of the nitride-semiconductor-layer side

thereof. The grooves 204 thus formed are formed

substantially in parallel with the affected layer 206 via

the sapphire substrate 201. Further, the grooves 204 in

the sapphire substrate 201 formed by means of laser

radiation are adjusted so that the gap between the bottom

surface of the groove and the bottom surface of the sapphire



substrate is substantially uniform at approximately 100 r,m.

In addition, the laser optical system is re-adjusted so

that the focal point is then on the bottom surface of the

groove provided in the sapphire substrate 201. Scribe

lines 207 with a depth of approximately 3 „m are formed (Fig.

2 (C) ) in the bottom surface of the grooves 204 provided in

the exposure surface of the sapphire substrate formed with

the nitride semiconductor by moving the stage while

radiating the adjusted laser beam at 14 J/cm2
.

[0047] Next, by allowing a load provided by a roller to act

along the grooves (scribe lines) , the semiconductor wafer

is cut and LED chips 210 are separated (Fig. 2(D)).

[0048] When the LED chips thus formed are supplied with

electrical power, all the LED chips are capable of emitting

light and barely any chipping was produced in the cut edges

of the LED chips. The yield was 98% or more.

[0049] In the second embodiment, by forming scribe lines

in both the surface and rear surface of the substrate by

means of a laser beam from the side of one surface of the

semiconductor wafer, the nitride semiconductor element can

be easily separated along scribe lines even in the case of

a thick nitride semiconductor wafer. Further, because the

sections formed with grooves are etched as far as the

sapphire substrate, the damage to the nitride

semiconductor resulting from the groove formation is

further reduced, meaning that the reliability of the



nitride semiconductor element following division can be

improved. More particularly , when scribe lines are formed,

the semiconductor wafer is secured after the focal point

of the laser is within the sapphire substrate. Processing

can thus be implemented without damaging the table or

adhesive sheet. Further, the generation of processing

waste resulting from laser radiation does not take place.

Thus, nitride semiconductor elements can be formed with

favorable mass-producibility as per the present invention

even when all the grooves are formed by means of a dicer

rather than by laser processing.

[0050] Grooves and scribe lines can be processed by means

of a laser beam without making contact with the nitride

semiconductor wafer. For this reason, costs arising from

variations in processing accuracy due to wear and

deterioration of the blade and cutter and from exchanging

the blade edge can be reduced. Further, results similar

to those achieved by processing from both sides of the

semiconductor wafer are obtained by processing from only

one side of the semiconductor wafer and a semiconductor

chip with a uniform shape can be fabricated. The

fabrication yield can be raised and shape variations can

be reduced, and, to the same extent, substitution can be

reduced and the number of semiconductor elements yielded

from the nitride semiconductor wafer can be raised.

[0051] In addition, narrower grooves can be formed by also
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forming grooves from the surface of the semiconductor layer

by means of a laser beam. Hence, the number of chips yielded

from the nitride semiconductor wafer can be raised still

further.

5 [0052] (Third Embodiment) A semiconductor wafer 300 formed

similarly to the first embodiment is provided with a mirror

finish by polishing a sapphire substrate 301 beforehand to

80 „m. This semiconductor wafer is fixedly placed on the

stage of the laser beam machine (Fig. 3 (A) ) as per the first

10 embodiment, with the surface of the sapphire substrate 301,

on which a nitride semiconductor 302 is not laminated, at

the top.

[0053] In the third embodiment, a laser beam from a laser

beam machine (not shown) is radiated from the side of the

15 sapphire substrate 301 (substrate-exposure-surface side)

not formed with the nitride semiconductor 302 of the

nitride semiconductor wafer 300, the laser optical system

being adjusted so that the focal point is at the interface

between the nitride semiconductor 302 and sapphire

20 substrate 301. Scribe lines for the affected layer 308 are

formed as first scribe lines vertically and horizontally

(Fig. 3(B)) close to the interface between the nitride

semiconductor 302 and the sapphire substrate 301 that

contacts the nitride semiconductor by radiating a laser

25 beam while driving the stage.

[0054] Next, groove sections 309, which extend from the
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bottom face side of the sapphire substrate not laminated

with a nitride semiconductor but not reaching the surface

of the nitride semiconductor, are formed with a blade

rotational speed of 30,000 rpm and of a cutting speed of

3 mm/sec by means of a dicer with the nitride semiconductor

wafer still secured by substituting the laser radiation

portion of the laser beam machine alone with a dicing saw

(not shown) . The grooves formed by means of the dicer are

provided vertically and horizontally substantially in

parallel with the affected layer 308 and are formed such

that the gap between the bottom surface of the groove

sections 309 and the bottom surface of the sapphire

substrate is substantially uniform at 50 „m. Further, the

dicing saw is substituted with the laser beam machine and

the focal point of the laser beam is aligned with the bottom

surface of the groove sections 309 formed by means of the

dicer. Second scribe lines 307 with a depth of

approximately 3 „m are thus formed (Fig. 3 (C) ) in the bottom

surface of the groove sections 309 formed in the sapphire

substrate 301 by means of laser radiation.

[0055] The nitride semiconductor wafer is cut and separated

by allowing a load provided by a roller (not shown) to act

along the second scribe lines 307, whereby nitride

semiconductor elements 310 are formed (Fig. 3(D)) . There

was barely any chipping of the cut edges of the nitride

semiconductor elements thus formed.



[0056] The method described in the third embodiment permits

separation of nitride semiconductor elements 310 easily

and accurately along the scribe lines formed by means of

the laser beam by separately forming groove sections 309

that extend from the side of the rear surface of the

sapphire substrate 301 or similar but do not reach the

nitride semiconductor 302. Therefore, a nitride

semiconductor element, whose upper and rear surfaces both

have a uniform shape, can be provided and the product yield

can be improved. Further, the formation of the first and

second scribe lines by means of laser processing can also

be performed after processing with a dicer. Processing

with a dicer can also be executed after the formation of

the first and second scribe lines.

[0057] Because the formation of the scribe lines is

performed by means of a laser beam, costs arising from

variations in the processing accuracy owing to wear and

deterioration of the cutter of the diamond scriber and from

exchanging the blade edge can be reduced. Further, results

similar to those achieved by processing from both sides of

the semiconductor wafer are obtained by processing from

only side of the semiconductor wafer without turning over

the nitride semiconductor wafer. Semiconductor chips of

uniform shape can be fabricated, and the fabrication yield

can be raised and shape variations reduced, and therefore

substitution can be reduced and the number of semiconductor



chips yielded from the nitride semiconductor wafer can be

raised. In addition, processing waste produced by laser

processing does not adhere to the surface of the nitride

semiconductor

.

[0058] (Fourth Embodiment) A semiconductor wafer 400, on

which a plurality of island-shaped nitride semiconductors

405 are formed by etching a semiconductor wafer formed as

per the first embodiment until the surface of the boundary

of the sapphire substrate 401 formed with grooves is

exposed from the side of the nitride semiconductor surface

by means of RIE (Reactive Ion Etching) , is used. Further,

a mask for exposure of pn semiconductors during etching is

formed and removed after the etching process. Further,

electrodes 420 are formed on the pn semiconductor layers

by sputtering. The sapphire substrate 401 of the

semiconductor wafer 400 is provided with a mirror finish

by polishing the sapphire substrate 401 to 100 „m (Fig

4 (A) ) .

[0059] The semiconductor wafer 400 is fixedly placed on a

laser beam machine (not shown) as per the first embodiment,

with the sapphire substrate 401, on which no nitride

semiconductor is laminated, at the top. In the fourth

embodiment, the laser beam of the laser beam machine is

radiated from the side of the sapphire substrate 401 not

formed with the nitride semiconductor 405 of the

semiconductor wafer (400) , the laser optical system (not
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shown) being adjusted so that the focal point is close to

the surface of the surface side of the sapphire substrate

(substrate is pre-exposed) laminated with the nitride

semiconductor 405. First scribe lines 403 with a depth of

approximately 4 „m are formed vertically and horizontally

(Fig. 4 (B) ) in the sapphire substrate 401 by means of laser

scanning

.

[0060] Next, by scanning a laser beam after re-adjusting

the laser optical system, groove section 409 that extend

from the side of the sapphire substrate 401 but do not reach

the surface of the nitride semiconductor 405 are formed in

the nitride semiconductor wafer along the first scribe

lines 403. By means of laser scanning after re-adjusting

the laser optical system, second scribe lines with a depth

of approximately 3 „m are formed in the bottom surface of

the grooves (Fig. 4(C)).

[0061] The nitride semiconductor wafer is separated by

allowing a load provided by a roller (not shown) to act

along the scribe lines, whereby nitride semiconductor

elements 410 are formed (Fig. 4(D)).

[0062] When the LED chips, which are the separated nitride

semiconductor elements, are supplied with electrical power,

all the LED chips are capable of emitting light, and a check

of the edges thereof reveals barely any chipping or cracks .

The yield was 98% or more.

[0063] Because the formation of the scribe lines is



performed by means of a laser beam, costs arising from

variations in the processing accuracy owing to wear and

deterioration of the cutter of the diamond scriber and from

exchanging the blade edge can be reduced. Further, results

similar to those achieved by processing from both sides of

the semiconductor wafer are obtained by processing from

only side of the nitride semiconductor wafer.

Semiconductor elements of uniform shape can be fabricated,

and the fabrication yield can be raised and shape

variations reduced, and, to the same extent, substitution

can be reduced and the number of semiconductor chips

yielded from the nitride semiconductor wafer can be raised.

[0064] (Fifth Embodiment) Except for the use of an excimer

laser instead of the YAG laser radiation of the first

embodiment, the semiconductor wafer is separated to form

LED chips as per the first embodiment. When the

semiconductor wafer is separated as per the first

embodiment, division is possible without turning over the

semiconductor wafer. Further, all the cut edges of the LED

chips thus formed are capable of light emission and have

clean surfaces free of chipping and cracks.

[0065] (Comparative Example 1) Other than scribing being

repeated three times by means of a diamond scriber rather

than by laser processing, the semiconductor wafer is

separated as per the first embodiment. The separated

nitride semiconductor elements of Comparative Example 1



exhibited partial cracking. Further, the yield was

approximately 84% or less due to splitting. Further, labor

such as turning over the semiconductor wafer was necessary

for the formation of scribe lines and grooves by means of

a dicer in the two sides of the semiconductor wafer, and,

hence, productivity was very poor and the production time

was approximately 1.5 times longer.

[0066]

[Effects of the Invention]

According to the method of fabricating a nitride

semiconductor element of the present invention, the energy

can be concentrated in the neighborhood of the desired

focal point by focusing the laser beam radiated by the laser

source by means of a lens optical system or similar. The

work processing is executed at the focal point at which the

energy concentration is extremely high. More particularly,

the focal point of a laser that has been transmitted by a

nitride semiconductor wafer is utilized. A laser beam,

which is adjusted by means of the optical system, is

radiated onto a nitride semiconductor wafer, which is a

part not requiring division, and processing can be freely

performed on the laser radiation surface of the nitride

semiconductor wafer as far as the surface on the opposite

side of the semiconductor wafer without damaging the

required nitride semiconductor layer.

[0067] Therefore, because the present invention uses
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processing at the desired focal point following

transmission [of the laser beam] by the nitride

semiconductor wafer, the nitride semiconductor wafer need

not be processed from both sides, and it is possible to

5 obtain the same results as those achieved by processing

from the surface and rear surface of the nitride

semiconductor wafer by means of processing from only one

side. It is therefore possible to further increase the

yield and provide nitride semiconductor elements with

10 small variations in shape and a fabrication method with

favorable mass-producibility for the nitride

semiconductor elements

.

[0068]

[Brief Description of the drawings]

15 [Fig. 1] Fig. 1 is a schematic partial cross-sectional view

of the semiconductor-wafer division method according to

the first embodiment of the present invention.

[0069]

[Fig. 2] Fig. 2 is a schematic partial cross-sectional view

20 of the semiconductor-wafer division method according to

the second embodiment of the present invention.

[0070]

[Fig. 3] Fig. 3 is a schematic partial cross-sectional view

of the semiconductor-wafer division method according to

25 the third embodiment of the present invention.

[0071]
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[Fig. 4] Fig. 4 is a schematic partial cross-sectional view

of the semiconductor-wafer division method according to

the fourth embodiment of the present invention.

[0072]

[Fig. 5] Fig. 5 is a schematic partial cross-sectional view

of a nitride semiconductor-wafer cutting method, which is

shown for the purpose of a comparison with the present

invention

.

[0073]

[Explanation of the reference symbols]

100, 200, 300, 400: semiconductor wafer

101, 201, 301, 401: substrate

102, 302: nitride semiconductor layer

103, 403: scribe lines formed in the substrate surface

104, 204: groove sections formed in the sapphire substrate

from the surface of the semiconductor layer

205, 405: island-shaped nitride semiconductor layers

206: scribe lines for the affected layer formed within the

substrate

207 , 307, 407: scribe lines formed in the bottom surface

of the groove sections

308: scribe lines formed at the boundary between the

semiconductor layer and substrate

309, 409: groove sections formed in the sapphire substrate

110, 210, 310, 410: nitride semiconductor element

111, 211, 311, 411: first main surface



221, 321, 421: second main surface

420: electrode

semiconductor wafer

substrate

nitride semiconductor layer

scribe lines formed in the bottom surface of the groove

groove sections formed in the sapphire substrate

nitride semiconductor element
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Translator's Notes

1 . *7 P • £ P in line 3 of [0030] should probably

5 read "7
'-f ^ P^7 ^ y 9 and has been rendered as such.

2. V^P^V^VlJI/^^i/^A in line 5 of [0037] should

probably read v^P^V^f^I-^^y^A and has been

rendered as such.

10

3 . ^0 7*f ^ , 7'f>104 in the fourth line of [0042]

should probably read ^^7^7*' 7>f ^1 03.
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l4M?2<7>3Effi(12lMJUJA><b ^'-Sr^^^^^-dO

50 0)5:7>UTfiB.StL'>ft< i:l,^«(101)<OSl2roXffi(12
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ttffiW- 1 1 - 1 6 3 4 O 3

7* • 7^ Wl03)$rJFM-r5lfI

3o

[0015] *«B^w!f*rS 2 lcfE«$nfc^ftfe^
^^wM3t^)*i^*5V^-CI4. £51 <D±S(lll)ri'»*l£

(101) ±(D—^jiZ(D^.mt^m-i$- (102) ^iff^^ixfc^

^^^-(lOOjco^b^^Wgfl'JT-*) 1?. IB 2

<7)±ffi (121) fc^-mteV (100) Ltg 1 <D±ffi

(111) ir^lSl-r^a^tBffiffliJT-fcSo

[0 0 16] *^B^ro|f*ll3{rtBtt$tLfca^^

mmm\z :&i$.£titz.w%v> (103) -c-*> 5.

[0017] **w«>ai*j|i4iriE«j$nfc^b«*«

« M&LpHtz.lmT.&Wm (206) -C fe 5 o

[0018] *&m(om*msiztdMi;Zirilzg.it®*m

gfL#^3i^-(l00)W|gl 0±ffi(lll)M&£>*/Xf±3l2

<o±ffi(i2i){i!)l^^-Y-\r ;e>-K^^9t'-'<— , y-f-fr

-sxmsrW-r-So

[0019] T^WWifi*^ 6 lw|E«lW*<t*****

(102) $tifc^w* -7a^N— (100) *mtm*m-
Wm^- (1 10) 5»IA^flE*^©IB6#ife-e
fcoT, 1 1 S 2 ©SISrtt5^fi: 1?^- (1

00) <D^tVa¥m&tiQ2)t>Wf$.£*i1zmi W^ffi(lll)

jl!)7)^ u—if— =SrBB|tLTm2co±ffi(i21)fiy|{r^^7

^7* • 7-f>'(103)S:ffM^ ;5Xgi:, ^l^ffi(lll)

Mfrb * 7 7^ 7* • 7>f > (103) <k l&W-ftT-fc t) (10

1) *ffi»wai-5»»(104)Sr^j*-f5Xei:.
7* • 7^f V(103)fc«oT^***i'>— (100)

-5IS i 5 „

[00 20] *^B^<Dff*li 7 l=IE«<oaft«B*i»{*:*

[0021] *&w<Dm*i%8\zmigi<Dnim¥mftm
^(Dm&fjm-t. s«(3oi)±k>—^\z<r>h-w^m^m
Ac (302) ri^j*§n^^fls (7i^— (300) zmtm^m-
tern* (310) tr^w-r5Htti#w«^(omm^mx
fcot, !g i;&tf3l2<D£ffi£Wi-5^3*ffc'7^-(3

00) (302) tm&LZ ixfcJS 1 (311)

£#l6]-t-5SIS2 0>£ffi(321)ffl!lA»fe i>— •tf— trflRSt LT
^&(30l)CDfn CQ£ffi(31lMHiJ{c:*7 7^7' • 7-f>-(3

08) SrMtSiet, 30 2 0>±ffi<32i)«a»c,SMfc*j¥

^(302)»d^L/j:^«eB(309)Sr^i5'7-fy 7-f >\(3

08)tBftSpff»r»J«-f-5Xefc, T-VH? • 7^V(30

8) Cftotflttfx^- (300) «r»(*+S Ig b

«»^***^-S:»jS-r5 ~ t tfX't Srav L*

10 0 2 2] IP*,. *mW<DjjmiZ£'9m.itV0¥mft&

t \s—v-mfttmmuK<vitmco.$Azmf&-fz> z t

£5„ ID—ffi«to»bSHfc«J¥3*#*^l-}6»W«:

§l #£ r. -f r i: ft < !7 <7?Mffi firtt«f«)(B*

[0 0 2 3] ^fS^-tL^ LD (laser diod

e) tt£5mrit<Dmtm*mt*m&xv*'i'&m±.izB

20 ?7t-1. nSGaNWny^^M, nlAIGa
N©^7?KI, tilGaNW^Ki, S i £ K—
7"L I n<Dffifi£€:^b$-B:/c^fiS^Ffl}jti:ft5 I

nGaNdgttl, plAl GaNro^rfy/i, pi
G a N«)E^ KI, plAIGaN»?7?KiM

25 pSGaNffl^^i' H/)'Si$ntV>5„ ^CO^ig

flj ^i/N-^)^ f^SlKflliJ/l* h C0,u—If— Srfigft

5r^^7^y- 7-Tyi:LrM$*fco *77W7*-

igw it iwffl^ e>n5 ft if oi^t je-ts „

[00 2 4] (IftWIff^'^lOO, 2 0 0,

35 3 0 0, 4 0 0) tfcWfft7^^-l 0 0> 2 0

0, 300, 400ir LTIi, Sffi 10 1 ±lzmt&)¥-

m&i o 2asjBfi£Sftfcfc0>T ,a>s. ss<t«*aw*:i o

2©S«10 1tLTI4, -tf7r^T, ^f^/u, ^
s*, is^Mm'^t^y <?j*m'&gktj:b'u*<oh<nfii

Ml&$*5 7t tblz (41f7 T T ^ ft if

**»ffjg(cfflv>e>ix5o if7r-t"TS«ftiftt^BH4^ft

< ffi«>Tffli>fc«)*«W*!4*«-*a*l-fi*< - i: t ft 5.

45

[0 0 2 5] ^^b^^imff ( I n xG a ,A 1 ,.x.rN,

O^X, O^Y, X + YS1) liMOCVDS^HVP
Eteft iftc J: V m* J&f&i-Z r. i: ast?t 5,

«EtwPN»-&. P I Nfg£\ M I Sft^tf*$#Sr
50 t(^i!J#iS^-7-i:L.TfiJffli-5ri:*s-e#5,
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ftmW- 1 1 -1 6 3 4 0 3

[00 2 6] K^> y ^SlttSEW*

ftif<0«#*^ 7tirvi^-^it^w^em^^*"r^
*»«ftft if^S**^ ISKj?oF7>^^
ft ifH* ©**ff*-T-i: LTfiJffli-^ r 1 3ftS-C* 5c

[0 0 2 7] S £ LTfi I—If-JDX1S(^JPX

ma^m^ «t *9 a* ^ c t ^ -e# ^ a* u— if-

&lf»*IBoaffl!HC J; 5SB#l$ft$agft if

-if-jDXtc<fcS*gft if S*i-«fftt^i:*«»

i 0 4i*u--F-HzJiatt; *MttV***L-c#Vif
-Wt^y K*^7-f '<— J; 9 ffi^31^-T5 r 4:

#>~C# 5 0 *V Mi*ft 6 <OjjS^frit «wXV £ it3

[0 0 2 8] tfl**i##«i*fttt7r>fr««

0 0/imTO5ff^U^o lOO/zmKTf^f^tV
^ 9 y * ft if#'>ft < itISMSS l-#«H-£ - i: ^

^ < -f
-^ ^ r> @ ijn^-r < ssfct^iB

<45fc«)3 0/xm£Jl±*Sf*U\ SfK***
flcS^^-S^^Ffll^^fiS^FW^ft if<E>»JSi

»(*:»£^ y^^ft iffc <t 5 ^ftl**"*" 5 C i: t "C#

[0 0 2 9] *3t^>f3j— KJB^Sffctt****^'^-
i:-f~5»£\ S«"CiiS?3 0 0 n mfrb 5 0 0 //mCOif:

t5i:/^if^S«^15*"e£«>?>n5ri: irftSo L—if

—(wJ:5*DX*tTi^-r<"t"5^i«)^S*S^ff*«:BFe

4&¥i»f*:£^/*$itT7&>e>»< L-Cfc&^LSKW«L

[00 30] ft:fc\ !F-#IRttsnfc*ft*¥Wtt

fr:*^— tt, ^o#,jfei:ft5BaitSB^^W^«IISUfc

[M3SB 1 0 3. 4 0 3^1 MiSStaftft" 5^ ^ a • ^ n y *

ft5 0 *fc. «l<a±ffiffl!L SB2<B£ffi(Wi:fcttHiX#|*

Rzf/Xte9i 2 <E>£ffi(M<o l—if—iDli:iPxt*®»
05 ^>^MI?cO*^Sr U—if—*DX$it"C t>&l \

[00 3 1 ] (w—tf—*DX«)
-if-iJOXSSi; ITtt »t«*S»»:->^^^—*«»(tFl

tgft*. ax«K«ft4f^**^«ftt>^"CibnfiJ:
l\> **Wt-I4, CO : u-if— , YAGU-f-^x

10 - u—If—ftif^ffig^fflt^e>Jx5c

[0032] u-if-joxts^«to-cfia5t$nsu—if

—(iUvXftifC03fe^t-«fc «9F^Mt-«fc "9«^(w»^^r

fSgp$-fr5-i:^T^5o Uc^ot, IrI—*r6]^bco

15 - i:ft<«, J»X*K«ftif«:«
SS«:tW§5o u—if—ofiRStiBtt, "7

-f -SriS^wtft if J: 9 KHtt. *SR^HO£R
ft ifBFfM^>JF0JK^lB05$ its ^ t

[0 0 3 3] u—if—1mJLm^£Z>*#7'(7 • 9>f v
20 O^lCli u-if-Rg#t^B S Sr»» £ itT fc&t % L

HBftsns u—if— 7— ft if-e^Sb-cjg^ES-fr

^f-y?r±T, 9 oaiUlSft if«^SE»S^:5
^ir^J:«9F^M^^^7^y • 7-<^Sr^-|"S - 1 1>

«<7>*JzPS3fe$nSfc^"Cftv^ i:H:-B5*"CtftV^

[00 34]
immm] ssmd »s 2 o o^m-c*>t)aci*sft

fcif7 r-T T ir ItMOC VDS^rfflffl ITtft

wi*SRTtB4-t5*Ji*i:bTrtBiaF-e:*:. £i\ 5 1

O^lw^^TJ^^^i: UNH 3 (T^^e^T) ^/

TMG (hy^f/^y^A) ZfxRZf*c^»Ttf

35 ^"Cfc57K*^^S:Sfti-Ci:iw«J: «9I¥$^]2 0 0^v^

[0 0 3 5] ^ctz, TMG^f^^SSASrit^fc^, RJ£

^e^^*^: 1 0 5 0 cClC^ffSU*NH 3 (T i^e=-

a NJSSrJefiE^itfco

[0 0 3 6] gtSJBf*. — 0., ^r-r y Tjf*<D?*t Sit

45 NH 3
(T^^e^T) ^f^, TMG^, TM I (hU

ffi.-rZtlZ£*)m£ft)3 nm^TyK-y I n G a N/I

[00 3 7] gttd±i:^7yKiS:»/8mfc«)«
50 ^•^P^^«tAS:^ih LS^B^>^Sr 1 0 5 0
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ftfflW- 1 1 -1 6 3 4 0 3

TMA (h!iyf^7^^^A)

Stpi^7'7 KJf <t Ltg$*!j0, 1 //raOGa A 1

[0 0 3 8] ftftK, KJCS§g«Oifi«S: 1 0 5 otizm
Wl,WM#*t LTNH 3

(T^-^^T) TMG
K— btf^b UCp 2Mg^M*t y

£#*J0. 5//mWGaNl*M^fc (HI 1

(A) ) o (&*5, pIift^Mifi4 0 Orj^i:

0 2*±HftSJ:5K±T • fc&ospffi

IT—** (SS3 5 6nm) $rt7 7^TSi 1 0 1 ±

t77^7Sii o l oteJEffifclSlii'iS.fc 9KU—if

-<7>3t^£PSb/c0 iIUcU-f-S:16J/c
m 2-eR?JW **ft^ & *y—^*»»m:ti:J;^

^y-7-rvio3ii a-ft»**fri>^^— 1 00(D

1 0<bft5#j3 5 0 /zm^^tSlC^/SSiirTfcS
(HI (B) ) o

[ 0 O 3 9 J U-—if—JDX«0> If—|{gJtffi£>

**^f»^ y- £ 7Jx#x:^t«5^W(* *^>^— <fc@

0fc»fc4fc¥Wf*:i 0 2<9±ffiri>e>if ^T^TSffil 0

l J^-TSfltffl l o 4*M&-fZ>o ^fHi«3;!9M

^7>T^'7>fyi03 t^g*#:^^/N— lOO^l

IzSiirfc (Hi (C) ) o

[0040] ^^7^y*7^yi0 3{^ftoT,

z. t 5o #l»$nfc8SEtev>

10S:MtSrtm5 (HI (D) ) o

[0041] mmm 1 -eisu—iF—frWMztiz&itvo
0 2«Jftfc*8*'?x/N-i 0 0 CO*®

Wi4<i«^ffl 0 2Stft7r>f7«Sl 0

1 SrSigbfc^fls:^^^— 1 0 0<Daffif«ltttSif7

r^riii o lffiffi^lteteSftfcu—if—

[0042] ^fr^^/N— i ooo>jt:«¥9#i o

2*»iJSiifciBII (u-if-l£Jt» Hf7r>f

Tftifo^gi 0 1 I^Jti-5»SB 1 0 4 ?rMto -
i:

T% ^^xzt^iEmz.^ z =7 4 zf - 7^yio 4:z^o

[0 0 4 3] ^^7^7"- 7^V1 0 3<Dmf&&

05 u—if—T'fr ?tz£>. y4-Y^>- Y^Vy-i '<— <Oiiu

hteZo £h\z > *^9-fy • >- 1 1 O^rif^r-Y

15 TSfil o i{H<z>«ffi-c»fiS;S-fr5fc»Jzu—if— ici

sjqx < i o 2 ±izft*-r5 ~ <b ft <

[0 0 4 4] USS^Ji ^ii:ltM$
i^rfc^^tf#J^— iC, R I E (Reactive Ion Etchin

20 g) t^J:oT^b^^*ffifty^^«^ff^$nSi^
-7 T4 7Sf (D^^m ^Rffi-T5 * y^>^ $

3^— £rflH*5 0 ft*3, xyfv^l:pn**»W5
Tttli-5 J: 5 ^* * £^ ^^ v £ itT

25 fc5o Sfc, pn##^StC{^ tffi2 20^y
^y^^*»wJ:5»rft*n-Ct^S (H2 (A) ) o

[0045] zcD^mfc*?^^— 2 0 o&nM&n tm
m<o u—if—JiPX««rH3£E«Sii:fco H*£#J 2 ^

rt>u-if-inx#^^(7)u-if-^^^**^^
30 /^tft«***2 0 5«^5)l!MtU |jS#t7 7

7SS 2 0 1 cOJ^ffi^^ b20/z m^if 7 r >f TJ&Ef'S

SBJr*gtfn5 «fc 9{wU—if—^^SrlBS-r^e lit
fcu-if-^£l 6J/cm2T^lt$ii:W^XT

35 ^SffirtSUCJOl^Ii 206<b^^^^7^^'
(B2 (B) ) .

[0046] u-if-3t*^ (^h) zmmis

S2oi(Diffi (ftfb«¥«f*:a>^SM)
40 «t5twiHSELfc 0 B*Lfci/-f- 4:fiSlt$itft^

ft«(*i«Jco±E^bf7 7>r7Sffit:*t^«S^
^*$*tfc»SB2 0 4W:, *DI«M2 0 6

tif^r^TStg2 0 1 Sr^LTBS^trtwJf^^itTfc

45 5o ft^b\ u-if-Ra*tirJ:9»jg6$ixfci»-7r>frS

IU 7r>f 7ffi2 0 1 ^KJt5>nfc»ffllE

50 ± 9lfflinb/Co ^8nLfcu-if-S: 1 4 J
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7-fy-7>f^2 0 75:^tS (02 (C) ) o

[0047] m*x* mu (xf^^y • y^c

»

U LEDfy^l OSr^UIS^fc (H2 (D) ) .

[0 0 4 8] I 9 LtM^nfcLEDf ^y(:i^5r

«9 li 9 8 %Sl±X&> o fcB

[00 4 9] ||JS0lj2T-i^«ff^^>—^>H-®(l!l^b

u—If—ici 5S«*fiWEB{c^^7^^ 7>T^Srff^

«t 5 £4fc»4*#^<a»«as J: 9 '>ft < £it

« l < mttm&i/- b ^ ft <m^m^x
£5o Sfc, \s—If—M$tt^£Z>j)U±<'T<omtkhte

v\, ft3o\ Jnx-e<c<i»<z>»*S:^>f*

[0 0 5 0] U—^f—^X^XmU, ^^7-f7' - 7>f

tt<^*DX-e, Wffi^^AOXLfe^i: IrHIS

ft£o

[00 5 1 ] ***/iffi^&^i»8B*r<>^—If

[0052] (mm&\3) mmmi tw«nicbT**s^^^-3 0 01:, ^ftt77-f7Sfi3 0

1 &8 0 Aim4-r?W*LT«Effift±«f StfCt^5 0 ^tf>

¥*fls*^-*»t«¥8Mfc3 0 2 aq*JBS;h/Cl*ft

^t7r-f7SS3 0 1 ffiSri^L-CjSJEWl £l*)«tf>

u—-»f—*dx*so^^— ^(rs^iae^itfc (Bi3

(A) ) o

[0 0 5 3] 3 (2U—»f—ADXffi (^

0) T^b^u—tf— &£ffc4**MMfc*^-' N --- 3 0 ocog

ft»*i#3 0 2«Snt^4^t77^7lS3
o i smu (Sisn^BW
>g{£3 0 2 ir-^7r^TS-tR3 0 l 0?#®i;:*p: l£ix& J:

ft** h !f-«:IH*ti- 3 r £ iz J: 9 Sffc«J*»# 3 0

2aUtSfM*»*t«Lfcf77-f7li*3 0 1 #ffi

ia^twjDXSSKS 3 0 8tfc5^^7^y • 7^^«r»&
UtJZglltO;*^^^. 5^^tLT»j4t5 (HI 3

10 (B) ) 0

[00 5 4] u—

9

s—Aoxfigtf) u— if—BMt8B<0

oH3tS:liWUfc**y^^J-J: 9^^— Kiel

^^C3 0, OOOrpm, VIWMS. 3 mm/ s e c "CiSE

is ffc»¥**asswswt^i>t77^7mmm.mm>
e>aft**»*ffij-»bfti^ai»3 o 9 ?r^u^o ^

o 8 k&w-ft^wi htimns o 9<nm.mt*y-7T-(T

20 M^-^^o ^>f-»^y—«ru—if-iDXffiS

fg£&3 0 9 (OiSffiic^^-lt^o u—If—fiStt^J: 19. if

77^f TXtf 3 0 1 iCff^ $ ttfcStSB 3 0 9 <7)jgffi ICjS

$^3 nm(Dm2(D*? =7^zf • ?>f V 3 O 7 *Mf$rt-

25 5 (0 3 (C) ) o

[0 0 5 5] *2^^7^^-7>fV3 0 7 i-^o

*fc (03 (D) ) o l5Ut»/*Shfc»tft**#

loose] mmm 3 \zm&<Djjm±s -wr^Ttzt*
Ii3 0 iXBMA»&ft4Mfe¥ttf*3 o 2iriSLftv>ffi

U3 0 9 ZSmJ&f&'TZZ.kX. u~if—tcJ:9»rit*
35 tut*??*? - 7^ >-ws<>DX&g,\zfr<>jEm\zmk

ft;fc, ^-Yif—(wJ:S*PX<D«^, If—*DX^J:S

40 SlMS2^^7>f7r

• 7^^M5r«t^^

[0 0 5 7] =7<<-f • 7>T ^JKfifeS: ?f— Tftt

ffiS^ b f£lt^)iDIT'^ft pj.^—Wffirt* f)iDI L7t (7)

i:IBI«o«!i*S:#&ix5o

50 KJti-*wi^llBiftD. tffi#«*OfeK*j^o
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[0 0 5 8] (iKM4) HtSCTl tlRl«lwL"C^S
^f:^(^r)x/N-{: % R I E (Reactive Ion Etchin

g) i:J:ottftW»ft«W^I«§n5f
7r^7lS4 0 l t^«*ffi^BtHi"5*"e^y^L >'

ff^-4 0 0$:«^5c ft:te, i^f^lCpn
#^^5^ttSi-£ ± 9^ * £itr^ y^-^Vm

0 y >^j£^±D?gjS:StuTV^o
flc^^— 4 o OcOif^r-f TSS4 Ol£lOO/zm
*-e»»U-C*lBBtt±»f**6 (H4 (A) ) o

[0 0 5 9] »^/^400^ii»¥W^
<«S§tuTV^^v^^r-frStS4 o l SriiizbT^l

-£fc0 H3fe0»4^*5t^T»u—!f—iOX«<7)L—if—

£

(4 0 0) ©»tft**#4 0 5tf»*
$tlTV^V^7r>f7lS4 0 1I»^iitt, &
^tt»ti» iN«*4 o 5&mm£tLtc-f-7T>(Tmmm

?l;ru—if— PF^B) SrWSU tf—

i^J:«9if^r-f TSt54 O 1 ^^4/im(Dil(D^
^ 7>f ^ • 7>f ^4 0 3 S:K*lw«rtt5 (El 4

(B) ) o

[0060] W:, u—if—**3RSrfft/BKb-CU—
if—tfJjfeaEKJ: 9. (-*^r>f T
s«4 o i«^e>a[-fk:» 2NiMt4 o 5ffitw^b*t^atSB

4 O 9^^1<7)^^^^^ 7^f>'4 0 3KJ6o-C»J*

7>f >S:«J«i-S (H4 (C) ) 0

[00 6 1 ] ^^7^f^' 7^fyl:fpvot, 7—

(tbaft»*SW**^4 1 OSrJgjfcSitS (124

(D) ) o

[0 0 6 2] ^StSnfcafttt^WflcSR^^fcSLED

to

[0063] xfr'fzf • 9>f ^«>»J*Sr^— t?fr

SJMfcir =t 5*DXf»S<7V<7 ^ 5FJ5fe^Ofci6tw^

ft; oofi-fRiW* £HO1)UJLX\ «? jSj

ffi^e>jraxufc^tro«(^a*sr#e>n, xm<nmitz.

[0 0 6 4] (HtE0iJ5) Uttfll COYAG if— <D

05 fiS*t<^ft^)t)t3J-^r^ • u—if— &Jflt*ftJ£A*M±SS16

09 1 tB«l:LT**#^-S:»iL-CLEDfy

£i^5 <t # fc*****^— «:«-*- ^. t ft < #HM-5

[0 0 6 5] (Jt«Ml) U-if—A0XOf-tfc9tZ^>r
> ^ 9 -Y £9^9i§L30;*^^-r:/L

20 <^J1. 5«<OI*|in*S»^ofc0

[006 6]

li, u—if—aR^&BHIt Lfc U—if-£r uyX^ ^*<^3t

JIT < fto tz.MM T- 17—^ (OjpXafts ft $ tt5o *3M-.

ftfcft^frj'i^-Sraa Ufc ^—If—<^££rf»J/B
i-5o ^Kft»««tft*a<b**»#^^^--i-**

[0 0 6 7] Lfc^oT. ^JgWtt^t:*^*^^^^^
— SrSiS L^gflof.^WjDISrfilffit5 - <h «t

35 "9. ^b^^ft:^^^^—SrP5ffi«^&JlDX't-S s^K^
ft< . mi'J^^^^coiDXT^^^^^^-^^—
KHBB*»fe*PX L ti<nb m C8>**:f»S C 1 75s"C# S Q

40 *fts««ti:t^-e#5„
[0 0 6 8]

[m^fa^fttftp^]

[01] g] 1 ii*^P^C9jllfE0iJ 1 {CjbNt^^* 1?^^^

45 [00 6 9]

in 2] m2ittmw<Dm&m2\z&rt%*mi£'>=.^

[0 0 7 0]

[0 3] H3tt**M<0|61fiflfl]3^*3JtS¥*«c^3L^
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